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Final Design and Safety Review of the INTT Ladder and Barrels

WBS: 3.01

Ladder Electronic Components 



Ladder Electric Components Overview
Tracking System: MVTX+INTT+TPC 
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Type-AType-B

2. FPHX Chips

NCU bonding performance

2020/4/21Cheng Wei, Shih (NCU HEP, Taiwan)6

To test the property, put the chips by hand, glue is applied by glue mask

Bonding test

Bonding in NTU

HDI

Wirebonding
(silicon-FPHX)

FPHX Chip

Type-AType-B

1. Silicon strip sensors

INTT Full Ladder

3. HDI Readout Cable

Wirebonding
(FPHX-HDI)



Silicon Strip Sensors (Hamamatsu)
Tracking System: MVTX+INTT+TPC 
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Type-A Type-B

A: 16 mm (B:20 mm)

9.984m
m

Single cell
f-direction

Single cell geometry (active region): 
128 strips (better resolution in f-direction)
Strip width = 78 µm
f-length = 78 µm x 128 strips x 2 cells =19.97 mm
z-length = A: 16  mmx 8=128 mm 

B: 20 mm x5=100 mm

128mm

Type-A (8 x 2 cells) Type-B (5 x 2 cells)

100mm

19.97mm



Silicon Strip Sensors (Hamamatsu)
Tracking System: MVTX+INTT+TPC 
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DC PADs(for Inspection)
DC PAD (80 x 50)256x8-

8890

Readout PADs
70um pitch  128 x 16 block

35553555

Active area: 128mm x 19.968mm
78um pitch x 256ch x 8line bias resistors

Readout PADs (150 x 80)128x16-

Bias line PAD (200 x 70)

4-

Guard ring PAD (200 x 70)
4-

Nsub PAD (200 x 100)

4-

see fig.A

fig.A

 

Type-A

AC readout pads

probe trace

40 % of pad

60 % of pad 
are secured for 
wirebonding

 
 
 
 
 
 
Type B 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

■本資料では、新製品または開発品の紹介をしています。詳細については、営業までお問い合わ

せください。 
■本資料の掲載内容は、改良などのため予告なく変更されることがあります。また、本資料は正

確を期するため慎重に作成されたものですが、まれに誤記などによる誤りがある場合がありま

す。本資料をもとに設計を行わないでください。 
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Silicon Quality Assurance (HPK/NCU)
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STEP1 Sensor by sensor performances (IV, CV) are measured Hamamatsu co. before delivery.
STEP2 Strip by strip performances are further evaluated in Taiwan for 20% fraction of silicon 
sensors 
STEP3 QA results are kept in DB to be referred to rank 
ladder performance. So far most of silicons are 
confirmed to be good quality.

Silicon QA in Taiwan

Hamamatsu’s QA

nA



FPHX Chip/Produced by FNAL
Tracking System: MVTX+INTT+TPC 
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Specification FPHX
ADC/channel 3 bits

Operation Voltage 2.5V

Power Consumption 64 mW

Number of channels 128

Data Transmission 200Mbps

Developed for Forward Vertex Detector for PHENIX at Fermi Lab.

Each FPHX chip integrates and shapes (CR-RC) 
signals, digitizes and sparsifies the hit channels 
each beam crossing (106ns beam clock), and 
serially pushes out the digitized data. 

 36 

FIFO is provided by a Heartbeat generator inside the FIFO/Serializer.  Once in the 
FIFO/Serializer the data is serialized and output on one of two serial lines.  If desired all 
data can be output on Serial Out 1.  However, this slows processing down.  Figure 3 
shows the FPhx Layout (without metals 3, 4, and 5) 

 

 
Figure 3 - The FPhx Layout 

 
 Figure 4 shows how the chip breaks down logically inside the Cadence Database. 
 

Front End 

Core 

Slow 
Controller 

FIFO/ 
Serializer 

Phase 
Block 

The	FPHX	is	the	custom	readout	chip	designed	for	the	FVTX	Silicon	Sensor.		Each	FPHX	chip	integrates	and	
shapes	(CR-RC)	signals	from	128	channels	of	mini-strips,	digitizes	and	sparsifies	the	hit	channels	each	
beam	crossing	(106ns	beam	clock),	and	serially	pushes	out	the	digitized	data.		

The	FPHX	Chip

The	FPHX	is	a	mixed-mode	chip	with	two	major	and	distinct	sections,	the	front-end	and	the	back-end.

Photo LayoutFront end
(Analog section)

Production 13k FPHX Chips in 2018&2019 
while 3k needed for 56 ladders.



FPHX Chip (Analog Section)
Tracking System: MVTX+INTT+TPC 
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+
_

Vref
Shaper

Integrator
Input

Comp

Vth0

Comp

Vth1

Comp

Vth7Programmable Thresholds

Disc outputs

3-bit ADC

T-peak ~ 60 ns (programmable)

Program gain and Vref
128 channel

46, 50, 60, 67, 85, 100, 150, or 200 mV/fC

60 ns peak time (rt- pgmbl)

3—bit ADC (th-pgmbl)

Optimized to 1 to 2.5 pf input

115e + 134e/pf

~ 70 to 140 µW/ch (dep. gain)

At max. input transistor bias of 38uA: 115e + 134e/pF
Silicon strip + readout line capacitance ~ 6pF
Predicted noise ~ 115e + 134e/pF * 6pF ~ 1,000e
Signal ~ 20,000e 
Expected S/N ~ 20/1



FPHX Chip (Digital Section)
Tracking System: MVTX+INTT+TPC 
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FPHX	Chip	back-end	organization

Data	push	architecture

10	MHz	beam	clock	(BCO)

200	MHz	data	clock

Zero	suppressed

Output	4	hits/chip	 in	4	BCO’s

Approx.	300	uW/ch

Analog

Data	Processing

Data	Output

Phase	Control

Serial	Interface	R/W
Slow Control Word

Data Word

Analog

Data Processing

Data Output

20 bit Serial data word structure



High Density Interconnect (HDI) Cable
Tracking System: MVTX+INTT+TPC 
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INTT HDI (Manufactured by Yamashita co., Japan)

13Rachid Nouicer                                                                                             BNL               

Bias Voltage  Connectors reinforcement Done at BNL: December  17th, 2019

Achieved by Rob Pisanie and Rachid N.

Step1: added G10 in  
J connectors side:

8.0 mm

G10 thickness: 1.4 mm
Glue: 0.1 mm 

Step2: added G10 in  
bias connectors side

8.0 mm

6.7 mm

G10 thickness: 0.9 mm
Glue: 0.1 mm 

Good connections and 
Bias connectors have 
supports in the back: 
no bending

Digital GND pad

13Rachid Nouicer                                                                                             BNL               

Bias Voltage  Connectors reinforcement Done at BNL: December  17th, 2019

Achieved by Rob Pisanie and Rachid N.

Step1: added G10 in  
J connectors side:

8.0 mm

G10 thickness: 1.4 mm
Glue: 0.1 mm 

Step2: added G10 in  
bias connectors side

8.0 mm

6.7 mm

G10 thickness: 0.9 mm
Glue: 0.1 mm 

Good connections and 
Bias connectors have 
supports in the back: 
no bending

FVTX INTT
# Layers 7 7

Length [cm] ~20 40

Pitch [µm] 40 60

M20-7910342R

2 Thermistats 3pin readout

Analog GND pad

Analog and digital pads are 
used for grounding in the 

final barrel configuration.

The design is based on HDI’s of FVTX. 

The cable length is longer, but the 

pitch of the signal line is somewhat 

relaxed 60 [µm] instead of 40 [µm].

FVTX HDI

Dedicated Bias 

connectors each side

Hirose DF18 connector

Data, slow control, FPHX power

Thermistats



High Density Interconnect (HDI) Cable
Tracking System: MVTX+INTT+TPC 
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• 7 cupper layers
• High signal line density in 2 layers 
• Solid ground outer layers to shield signal layers L1

L2

L3

L4

L5

L6

L7

Analog GND

Clock Signal 

Bias 

Power 

Signal 

Digital GND

Thermistats & RF 
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Subject: Re: フレキシブルケーブルの最終デザインについて数点の質問です。
From: 井上　祐介 <yuusuke-i@yamashita-net.co.jp>
Date: 2019/05/30 13:58
To: Itaru Nakagawa <itaru@riken.jp>
CC: 浜口 智貴 <tomoki-h@yamashita-net.co.jp>, '営業３課 星屋様'
<hoshiya@repic.co.jp>, 柳川 大輔 <yanagawa@repic.co.jp>, Yasuyuki Akiba
<akiba@rcf.rhic.bnl.gov>, Takashi Hachiya <hachiya@rcf.rhic.bnl.gov>, 川島 理恵子
<rieko-k@yamashita-net.co.jp>, 太田 貴亮 <ohta.takaaki@yamashita-net.co.jp>, 森 武
史 <takeshi-m@yamashita-net.co.jp>, 福元 優太郎 <fukumoto.yutaro@yamashita-
net.co.jp>, 竹内 厚之 <atsushi-t@yamashita-net.co.jp>
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Cross Section of HDI



High Density Interconnect (HDI) Cable
Tracking System: MVTX+INTT+TPC 
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• 7 cupper layers
• High signal line density in 2 layers 
• Solid ground outer layers to shield signal layers L1

L2

L3

L4

L5

L6

L7

Analog GND

Clock Signal 

Bias 

Power 

Signal 

Digital GND

Thermistats & RF 

71.3%

93.5%

6.50%

94.0%

7.2%

93.2%

4.7%
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High Density Interconnect (HDI) Cable
Tracking System: MVTX+INTT+TPC 

12

• Major contribution to the radiation 
length comes from 7 copper layers

• Signal layers are effectively thin.  
• Total radiation length is 0.40%.
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<rieko-k@yamashita-net.co.jp>, 太田 貴亮 <ohta.takaaki@yamashita-net.co.jp>, 森 武
史 <takeshi-m@yamashita-net.co.jp>, 福元 優太郎 <fukumoto.yutaro@yamashita-
net.co.jp>, 竹内 厚之 <atsushi-t@yamashita-net.co.jp>

I I o

O I

k O
ru

/ L
/
/
/(
/)
/
/+ L

/+ I

I

16 , ) (+ 92 : 025242 2 793
o

rw u
t w w O

L u g e
O N n u

g w o o
O Nka

Re: フレキシブルケーブルの最終デザインについて...  

1 / 2 2020/01/22 21:02

.6 38
0µ 1 / / 0 1

%  
4 %  

. 2 % ����

Copper Fraction

Effective Thickness
[µm]

Material Budget of HDI Cable



Successful Performance

• INTT Ladders  have been tested extensively in NWU/BNL/NTU 
test benches and beam tests at FNAL in 2018 and 2019.

• Calibration responses are confirmed to be very similar to 
those of FVTX’s. Minor differences are well understood from 
the design difference between FVTX and INTT. 

• Overall satisfactory performance was confirmed from INTT 
ladders.
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Summary
• The INTT Ladder consisted of Silicon strip sensors, FPHX chips, HDIs and stave.  

• The INTT Silicon strip sensors are manufactured by Hamamatsu photonics. Basic design is based on FVTX 
silicon strip sensors. The primary difference is the dimension of the strip and sensors. The thickness is 
standard 320µm. → Ready

• The HDI cable is also designed based on the one of FVTX and manufactured in Yamashita co in Japan. The 
cable consisted of 7 layers and signal layers are kept inner layers to be shielded by ground or bias layers. The 
radiation length is kept to be as low as 0.40%. Demonstrated good performance through two beam tests in 
2018 and 2019. → Ready

• FPHX chips are developed by Fermi lab for FVTX detector for PHENIX. Sufficient enough FPHX chips are 
produced for INTT needs. Some programmable parameters will be uniquely optimized for INTT. → Ready

14

We are ready for the mass production.



Back Up
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The CV Measurement Circuit  of INTT Sensor 
Testing

• Measure the capacitance of single channel from AC readout pad to
check the status of each channels.

• Supply bias voltage to the backside of sensor. The AC signal also send
to backside and measure current variety form AC pad on front side. To
sure we only measure the single channel capacitance, relay matrix will
ground all channels except target channel. The system and circuit are
showed in right plots.

• Ground the DC pad to sure the sensors are full depletion, because
grounding bias ring are difficult during all chips measurement. The
bottom left plot shows the difference between grounding bias ring and
DC pads. The value of DC pad situation is little higher, but the trend
are the same, so ground some DC pads to supply same voltage is
expedient method.

AC readout AC readout AC readout

…

Backside

-

+A
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The Measurement Result of INTT Sensor Testing

• Because the layout of sensor, each module is divided into four parts in the measurement. The left plot show one part result of
sensor 1133-1159. All capacitance of channels are gaussian distribution, so we can identify the broken and functional channels
from measurement. The left plot obviously show there are two different distributions. These differences could match to measuring
period that be showed in middle plot.

• The capacitance of signal channel showed in left plots is about 0.5pF, so total capacitance is about 1000pF. Compared with total
sensor from HAMAMATSU’s inspection only has 7% difference. Therefore, this method could measure the capacitance of single
channel.

• To check why capacitances are different in periods, we analyze the relation between environment and measurement. The right
plots shows the variety of capacitance with humidity at same temperature. The result shows the measurement is not obviously
affected by humidity, so maybe this effect come from the status of sensor or measure system.

Two chips are
remeasured in period II

Period
I

Period
II

Brok
en
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Summary

• Even if can’t ground bias ring during whole measurement, grounding from the DC pads also could get single channel
capacitance to check status od each channels.

• However, the capacitance of single channel is too fine (<1.5pF), so the value could be affected by environment. From humidity
study, the humidity didn’t has obvious effect, so maybe this effect come from the status of sensor or measure system.

• If the capacitance are measured in short period, the values is stable. The RMS of gaussian distribution in same channel is
about 0.05. Therefore, we still can use data that come from same measurement period to identify character of channels.

• In first branch, all channels in sensor 1131-1159 are good. We don’t see any channel has very strange value.
• The secondary branch check had started.
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HDI Material Budget
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/ 84 6 1µ 2 0 0 1 2
* 6  %
. 8 6
/ 3   %

*Copper thickness is not physical thickness, 
but average thickness. 
**Total thickness is not 473μm, because of the 
copper average thickness. 

Radiation length of each layer.



Ladder Material Budget
07 C 7 3 8 DD µ 6 4 4 6
2 8 2 D C %
. /
2 7
3 7
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. / 3 8 DD µ 6 4 4 6
C * %

1 9 *
3 7   %

*Copper thickness is not physical thickness, but average thickness. 
**Total thickness is not 473μm, because of copper average thickness. 



High Density Interconnect (HDI) Cable
Tracking System: MVTX+INTT+TPC 

21

~1cm

100�2MHz BCLK

a\Xb�9�: ���

�����	�SR�
_W[d^Z#�+2(�����

*EK?

1==MI;G=P
*@@?=LCN?
9QF:

3?;E�9Q
F:

9QF:

(HN?JE;P�2HEPC>? ���! QF ���!

3?ACKL �� QF (HN?JE;P�,EM? �! QF �!

(HII?JRIE;L?>R �! QF (HII?JRIE;L?>R �! QF ��� ��!� �!

/� *E?=LJHEPLC=�=HII?J�@HCE % QF -6/.0*�&,0) /� *E?=LJHEPLC=�=HII?J�@HCE % QF ��� ��%� %

';K?R2HEPCFC>? !� QF ';K?R2HEPCFC>? !� QF !�

/� *E?=LJHEPLC=�=HII?J�@HCE % QF &�,0) /� *E?=LJHEPLC=�=HII?J�@HCE % QF ��� ��%� %

,EM? �! QF ,EM? �! QF �!

';K?�2HEPCFC>? ���! QF ';K?�2HEPCFC>? ���! QF ���!

,EM? �! QF ,EM? �! QF �!

fe *E?=LJHEPLC=�=HII?J�@HCE % QF 3+�/.0* fe *E?=LJHEPLC=�=HII?J�@HCE % QF $��� ��# %

';K?R2HEPCFC>? !� QF ';K?R2HEPCFC>? !� QF !�

/ *E?=LJHEPLC=�=HII?J�@HCE % QF 273 / *E?=LJHEPLC=�=HII?J�@HCE % QF ��� ��%� %

,EM? �! QF ,EM? �! QF �!

';K?R2HEPCFC>? ���! QF ';K?R2HEPCFC>? ���! QF ���!

,EM? �! QF ,EM? �! QF �!

/! *E?=LJHEPLC=�=HII?J�@HCE % QF 4., /! *E?=LJHEPLC=�=HII?J�@HCE % QF ���� ���% %

';K?R2HEPCFC>? !� QF ';K?R2HEPCFC>? !� QF !�

/" *E?=LJHEPLC=�=HII?J�@HCE % QF )�,0) /" *E?=LJHEPLC=�=HII?J�@HCE % QF ��� ��%� %

,EM? �! QF ,EM? �! QF �!

';K?R2HEPCFC>? �! QF ';K?R2HEPCFC>? �! QF �!

/# *E?=LJHEPLC=�=HII?J�@HCE % QF /# *E?=LJHEPLC=�=HII?J�@HCE % QF ��!� ���! %

(HII?JRIE;L?>R �! QF (HII?JRIE;L?>R �! QF �� ���$ �!

3?ACKL �� QF (HN?JE;P�,EM? �! QF �!

QF (HN?JE;P�2HEPCFC>? ���! QF ���!

,EM?�@HJ�KMIIHJL�IE;L?  � QF

 �$ QF 4MIIHJL�2E;L?R+3� ����L ���� QF

515&/�  �$ QF

515&/�  #� QF 5HL;E "�� " %� �$�

/;>C;LCHG�/?GALB�9=F:�� �! �$�" 5HL;E

8�8J;>�9�: ��� �!� �����$"# ���#"�%�

^\]����T^cYU`�a\V�

5HL;E O� ���!�#$#

4M<�(HFIHG?GL�5BC=DG?KK

(HII?J�/;P?JK

Cu Layer-7

Cu Layer-1Due to spatial limit of signal layers, some part of signal
lines have to run unshielded layer-7 for a few cm.

The corresponding frequency is 10 – 30GHz, which is
at least an order of magnitude higher frequency than
the highest frequency (100�2MHz BCLK) signal
transmits layer-7.

No problem has found in the past 2 beam test. 



Voltage Drop for FPHX Power
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V@ROC HDI
[mW]

Bus 
Extender

[mW]

Conversion 
Cable 
[mW]

DV [V] V@FPHX

INTT 2.5V 135 ~ 185 145 185 0.20~0.25 2.30~2.25V

FVTX 2.5V 70 70 N/A ~0.1 2.4V

DV

Due to the long readout cable chain of INTT, the voltage drop for FPHX power line is 

rather severe compared to FVTX. The FPHX is designed to be operated at 2.5V. 

Bus extender

Conversion 

cable



DV for FPHX Power Solution
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V@ROC DV [V] V@FPHX
INTT 3.0V 0.20~0.25 2.80~2.75V
FVTX 2.5V ~0.1 2.4V

The plan is to replace all 2.5V regulators by 
3.0V ones on the backplane of the ROC. 
Further voltage drop is expected due to 
higher LVDS current operation (To be 
discussed by Takashi).

FPHX regulators
(total 32/ROC)

¤ 2005-2014 Microchip Technology Inc. DS20001936D-page 1

MCP1726

Features:
• 1A Output Current Capability
• Input Operating Voltage Range: 2.3V to 6.0V
• Adjustable Output Voltage Range: 0.8V to 5.0V
• Standard Fixed Output Voltages:

- 0.8V, 1.2V, 1.8V, 2.5V, 3.0V, 3.3V, 5.0V
• Low Dropout Voltage: 220 mV typical at 1A
• Typical Output Voltage Tolerance: ±0.5%
• Stable with 1.0 µF Ceramic Output Capacitor
• Fast Response to Load Transients
• Low Supply Current: 140 µA (typical)
• Low Shutdown Supply Current: 0.1 µA (typical)
• Adjustable Delay on Power Good Output
• Short-Circuit Current Limiting and 

Overtemperature Protection
• 3x3 DFN-8 and SOIC-8 Package Options

Applications:
• High-Speed Driver Chipset Power
• Networking Backplane Cards
• Notebook Computers
• Network Interface Cards
• Palmtop Computers
• 2.5V to 1.XV Regulators

Description:
The MCP1726 is a 1A Low Dropout (LDO) linear
regulator that provides high current and low output
voltages in a very small package. The MCP1726
comes in fixed or adjustable output voltage versions,
with an output voltage range of 0.8V to 5.0V. The 1A
output current capability and low output voltage
capability make the MCP1726 a good choice for new
sub-1.8V output voltage LDO applications that have
high current demands.

The MCP1726 is stable using ceramic output
capacitors that inherently provide lower output noise
and reduce the size and cost of the entire regulator
solution. Only 1 µF of output capacitance is needed to
stabilize the LDO.

Using CMOS construction, the quiescent current
consumed by the MCP1726 is typically less than
140 µA over the entire input voltage range, making it
attractive for portable computing applications that
demand high output current. When the MCP1726 is
shut down, the quiescent current is reduced to less
than 0.1 µA.

The scaled-down output voltage is internally monitored
and a Power Good (PWRGD) output is provided when
the output is within 92% of regulation (typical). An
external capacitor can be used on the CDELAY pin to
adjust the delay from 1 ms to 300 ms.

The overtemperature and short-circuit current limiting
provide additional protection for the LDO during system
fault conditions. 

Package Types
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MCP1726-ADJ
3x3 DFN
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MCP1726-xx
3x3 DFN

1A, Low-Voltage, Low Quiescent Current LDO Regulator


